This greenhouse experiment evaluated the response of hoary alyssum plants, up to the rosette phase, to different levels of UV-B radiation. The experiment was carried out in the chambers, equipped with UV-B lamps, emitting biologically effective UV-B radiation of 0 (control), 4, 6 or 8 kJ. As a result, specific traits of the plants such as: leaf number, lamina length, leaf area, specific leaf weight, relative chlorophyll content and shoot biomass were unaffected by any of the UV-B treatments. Significant reductions in the share of large leaves, leaf stalk length and root biomass were noted for plants growing under 8 kJ UV-BBE.
INTRODUCTION
Hoary alyssum (Berteroa incana L.), from the mustard family is a species found in segetal or ruderal communities (K u t y n a and N i e c z k o w s k a , 2009; Skrzyczyńska et al. 2010 ), on pastures (Wa rw i c k and Francis, 2006) , and is also regarded as an invasive species in North America (P a r k i n s o n et al. 2010) . Hoary alyssum adapts well to different climate conditions and for this reason is a successful invader both in temperate and continental climates (P a r k i ns o n et al. 2010) . This is an annual or short-perennial plant of very high seed production (R e i c h m a n n , 1988), which can germinate in temperatures as high as 40 o C (M a d a n i et al. 2010 ). During growth, hoary alyssum is exposed to high solar radiation and also high UV-B levels. The same species show different tolerance to UV-B depending on the environmental conditions in which they are growing (F r o h n m e y e r and S t a i g e r , 2003), which may influence the competitive relationships. The experiment of F u r n e s s et al. (1999) demonstrates that weeds of horizontal leaf orientation are more susceptible to UV-B radiation, which may be a very positive phenomenon in the conditions of grasses vs. dicotyledonous weeds competition in grasslands, where hoary alyssum is a strong competitor against valuable pasture species (G a y t o n , 2004). The relevant scientific literature lacks any information on the influence of UV-B radiation on growth and development of hoary alyssum, which could explain its competitive potential against grasses in the presence of a stress factor such as enhanced UV-B radiation levels. In order to address this gap in the literature, our experiment sought to assess the influence of UV-B radiation on hoary alyssum vegetative growth (up to the rosette phase of development).
MATERIAL AND METHODS
A pot experiment was carried out in the greenhouse of the Faculty of Land and Food Systems at the University of British Columbia in 2010. Seeds of a rangeland weed species -hoary alyssum (Berteroa incana (L.) Dc.) -were collected in July 2008. Pre-germinated seeds were transferred into pots (9.0 × 9.0 × 10.0 cm) filled up with a top layer of soil (66.1% sand; 24.9% silt; 9.0% clay; 8.4% organic matter; 4.14% C; 0.24% N; 115.8 ppm P 2 O 4 ; pH 5.90). The pots were placed under the UV-B treatments (chambers) and the plants were allowed to grow for 13 weeks. UV-B treatments were provided by UVB-313 40W fluorescent tubes, installed 1.10 m above the greenhouse bench, in 4 chambers 1.20 m long × 1.20 m wide × 1.25 m high. In each chamber 10 fluorescent tubes were placed. The chambers were enclosed on all four sides with Mylar film (Type D, 0.127 mm thick). Within each chamber, small wooden frames (60.0 cm × 32.0 cm × 40.0 cm high) were placed. The frames were covered on top and on the sides with either a layer of Mylar film, or one, two or three layers of cellulose acetate film (diacetate type, 0.127 mm). Mylar film absorbs all UV-radiation below 320 nm and cellulose acetate below 290 nm (B a r n e s et al. 1988 ). Several cellulose acetate layers provided the different levels of UV-B radiation, whereas the Mylar treatment was employed to simulate the ambient greenhouse conditions. UV-B radiation (290-320 nm) was measured in single nanometer increments using an International Light IL1700 Radiometer interfaced with an IL782A double-slit monochromator. Biologically effective UV-B (UV-B BE ) radiation was estimated from these readings using C a l d w e l l ' s (1971) generalized plant damage action spectrum normalized to 300 nm. Daily UV-B exposure for 8 hours, centered on solar noon, provided approximately 0; 4; 6 or 8 kJ×m -2 ×d -1 of UV-B BE radiation in the frames covered either with a layer of Mylar film, or three, two, or one layer(s) of cellulose acetate film, respectively.
The hoary alyssum plants in the rosette phase were taken for the measurements, which included: the relative chlorophyll content, using a Minolta SPAD 502 Meter, and morphological features, namely number of leaves, length of petiole and lamina along with leaf area. Roots and rosettes were dried separately in a drier at 50 o C for 72 h and weighed. Based on lamina dry matter and area, the specific leaf weight (SLW) value was calculated according to the following formula: lamina dry matter (g)/ lamina area (cm 2 ). The leaves were then separated into categories according to their length: very small < 4.0 cm; small 4.1 -5.9 cm; medium 6.0 -8.9 cm; large 9.0 -10.9 cm; and very large > 11.0 cm.
The experiment was set up as one factorial random block design, with 4 blocks (chambers) and 8 replications per treatment. The different levels of UV--B BE radiation: 0; 4; 6 or 8 kJ×m , were considered as a factor. The data were analyzed by the GLM procedure using SAS ver. 9.2 software. The experiment was repeated. Non-significant differences were observed between experiments and the data from both sets were therefore pooled.
RESULTS AND DISCUSSION
After 3 months of growth under different levels of UV-B BE radiation, all hoary alyssum plants were in the rosette phase. There was high variation in the number of leaves per plant, regardless of the UV-B BE treatment, in a range between 30 and 72 leaves per plant. The average number of leaves per plant treated with different levels of UV-B BE radiation was similar and not significantly influenced by this stress factor, although a slight decrease in the leaf number was noted for UV-B BE treated plants, between 8-22%, comparing to the control (Table 1) . The leaf area and specific leaf weight (SLW) were unaffected by UV radiation and very similar among treatments. As for leaf length, lamina length was unaffected by UV-B BE treatment but, on the other hand, a visible and significant reduction of the stalk length in the presence of UV-B BE radiation was observed. With increasing doses of UV-B BE radiation, the stalk length decreased, with significantly shorter stalks in plants treated with the highest level of UV-B BE , 8 kJ, by about 26%, as compared to the control (Table 1) .
Some leaf categories were recognizable based on the length of their leaves. The most frequent in hoary alyssum rosettes, regardless of UV-B treatment, were leaves of medium size; their share was in a range from 49-56% (Table 2) . At the same time, some other relationships were noted, as with the increasing dose of UV-B BE treatment the share of large and very large leaves was visibly decreasing, but at the same time the share of small leaves was increasing. The highest percentage of large and very large leaves was noted in rosettes of control plants (22% in total), whereas the share of large leaves in rosettes treated with 8 kJ of UV-B BE was just 5% without the presence of leaves of the very large category. The highest share of small leaves was noted for plants growing under 8 kJ of UV-B BE ( Table 2) . The results obtained suggest that hoary alyssum plants exposed to increased levels of UV-B BE radiation occupy less area. H e c t o r s et al. (2007) confirm that rosettes of Arabidopsis thaliana plants exposed to UV-B treatment are smaller in diameter. This may serve as a kind of protection against UV-B BE radiation, as leaf laminas in the rosette are not exposed so much to the radiation and cover one another. On the other hand, more compacted plants may be less competitive, and species growing more intensively in the first stages of development may lead to their shadowing (B a r n e s et al. 1990 ; B l a c k , 1958).
The dry weight of Berteroa incana shoots was not significantly affected by any of the UV-B BE radiation levels, although a trend could be noticed, as with increasing doses of UV-B BE radiation the shoot dry weight decreased, in comparison with the control, by about 6% and 18% for doses of 6 or 8 kJ, respectively (Fig. 1) . The root system was much more sensitive to UV-B BE radiation, as the root biomass was significantly affected even by the lowest UV-B BE level of 4kJ. Compared to the control, the root biomass decreased by about 37%, 17% and 30% for doses of 4, 6 or 8 kJ, respectively (Fig. 2) . Also the shoot/root biomass ratio decreased in UV-B BE treated plants. For control plants, this ratio was 1:0.6, whereas for UV--B BE treated plants it was as follows: 1:0.4; 1:0.5 and 1:0.5, for plants growing in the presence of 4, 6 or 8 kJ of UV-B BE , respectively. Vu et al. (1981) noticed a reduction of both shoot and root biomass of soybeans after treating them with an enhanced level of UV-B radiation. The reduced root biomass in plants exposed to increased UV-B BE amounts seems to be a limitation, although not reflected in the aboveground biomass accumulation up to the rosette phase. In the later generative phases, however, plant development may be slowed down, as a result of lowered root system efficiency, affecting the amount of fruits and seeds produced.
The relative chlorophyll content (SPAD) in the hoary alyssum leaves showed a high variation both between UV-B BE doses and between plants within each dose of radiation, which resulted in non-significant differences (Fig. 3) . This is consistent with the findings of T o s s e r a m s and R o z e m a (1995), according to which there are no effects of enhanced UV-B radiation on chlorophyll content and accumulation of UV absorbing pigments.
In summary, hoary alyssum (Berteroa incana L.) plants up to the rosette stage show low susceptibility to enhanced UV-B BE treatment. A number of traits, namely leaf number, lamina length, leaf length and specific leaf weight in rosettes of hoary alyssum, are not affected by UV-B BE treatment up to 8 kJ dose. At the same time, however, increasing doses of UV--B BE treatment cause a shortening of leaf stalks as well as a decrease in the share of large and very large leaves in the rosette. Also, a reduction of hoary alyssum root biomass in the presence of UV-B is noted. It is concluded that negative changes observed in the rosette phase may result in more adverse effects in the later generative phase of hoary alyssum development. 
